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^ (57)Abstract: 

PURPOSE; To generate a faithful engine simulation sound at ail times regardless 
of sound volume. 

CONSTITUTION; In a ROM 21 ^engine sound data on a real vehicle which are 
obtained by sound recording in advance are prepared for plural engine rotation 
states, and a loop address control 10 reads engine sound data corresponding to 
the RPiy of an engine 1 out to a latch circuit 22. The read data are supplied to an 
equalizer M through a DA converter 23 and a low-pass filter 24. amplified by an 
amplifier 28, arid outputted from a speaker 3, In a volume data memory 33, 



sound Volume data mnmpm^r\§ to respective RPMs are prepared arid an 
amplifier gain control 32 retrieves sound volume data oorresponding to the RPM 
of the engine 1 in the volume data memory 33 and sends an ampliffcation lactor 
corresponding to the sound volume data to the amplifier 26. 
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GLMMB 



[CMm|s$] 

[Claim 1 ] A storage means by which the engine sound data of the real car which 
is the engine simulation sound generator made to generate an engine simuiation 
sound according to the engine rotation condition of a real car or a simulation car, 
and was recorded beforehand are memorized afeoutt^o or more engine rotation 
conditions, A detection means to detect the engine speed and engine torque of a 
real car or a simu lation car 3 The read-out means wh ich reads the engine sound 
data recorded by the engine speed near the engine speed detected by this 
detection means from said storage means, A read-out rate modification means to 
change the engine sound data read-out rate by the afprementioned read-out 
means according to the difference of the engine speed of the engine sound data 
read by this rBad-out means, and the engine speed detected by said detection 
means, A processing means to process the engine sound data read by the 
aforementioned read-out rmans according to the engine torque detected by said 
detection means, arid to output as a sound Signal , A magnffication means to 
amplify the sound signal outputted from said processing means, and the 
ampliTfcation factor control means which controls the amplification factor of said 
magnification means based on the engine speed detected by said detection 
m ea ns, The e ng ine Sim u lation sou nd ge nerator oh a racterized by hayi ng a 
playback means to re p rod uce the sound signal outputted from said magnification 
means as an engine simulation sound. 
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DETAILED DESCRI PTION 



[Detailed Description of the invention] 

poo i] 

(Industry J^jSfl^cfti] This invention relates to the engine sirtiulaiion sound 
generator made to generate an engine si mutation sound according to the engine 
rotation cond ition of a real car or a simulation car , 
[0002] 

[Description of the Prior Art] Usually, although the design of a direction which 
reduces the engine sound generated with transit of a car as much as possible is 
made, on the other hand, an engine sound has semantics important as one 
information which shows the run state of a car. For this reason, by the usual 
operation, an attempt which directs the transit feeling which is not acquired is 
also made by emphasizing an engine sound conversely. If an engine sound is 
emphasized, it becomes possible to experience the speediness more than the 
actual vehicle speed, and an engine condition can also be known in more detail. 
Moreover, by the driving simulator and the simulation car for display, in order to 
realize a simulation run state Jt will be necessary to generate an engine sound. 
[00Q3] In order to satisfy such a demand, the equipment made to generate an 
engine simulation sound is used from the former. For example, the engine 
simulation sound generator about a radio control car is indicated by JP 5 S9- 
2$MMA. Generally, two or more sinusoidal generators and narrow-band noise 
generators are formed, these are controlled by such conventional engine 
simulation sound generator by computer, and an engine simulation sound is 
generated. 



[0004] However, there was a problem that it was difficult to realize the wave 
included in an actual engine sound by composition of only a sine wave, and it 
difficult to generate a simulation sound with a reality with above-mentioned 
equipment since this wave changes with engine speeds. Then, the new engine 
simulation sound generator which can make a Japanese-Patent-Application-No. 
No. 277297 [ two to ] specification generate the simulation sound which has a 
reality more is proposed. With this equipment, two or more different waves for 
every engine speed are prepared as data. These waves can generate a 
simulation sound with a reality by recording an actual engine sound and using 
these waves alternatively according to an engine speed. 
[0005] 

[Problem(s) to be Solved by the Invention] Generally, the sound volume of an 
engine simulation sound changes according to an engine speed. Therefore, in 
the equipment currently indicated by the Japanese-Patent-Application-No. No. 
277297 [ two to ] specification, when two or more different waves for every 
engine speed are prepared as digital data, in a part with small sound volume, 
resolution decreases and the problem of faithful wave reappearance becoming 
impossible arises. For example, although the resolving power of 8 bits is 
obtained about the wave of the amount of Oto corresponding to engine-speed 
4000RPM when the resolving power of 8 bits is given by the full range and each 
wave is recorded as digital data for example, about the wave of the small sound 
volume corresponding to engine-speed 800RPM, it will be in the condition that it 
is said that only the resolving power of 6 bits or 5 bits is obtained. Therefore, the 
tone quality in the field where sound volume is small will deteriorate. 
[0006] Then, this invention aims at offering the engine simulation sound 
generator which can be made to generate an always faithful engine simulation 
sound irrespective of the size of sound volume. 
[0007] 

[Means for Solving the Problem] In the engine simulation sound generator which 
this invention makes generate an engine simulation sound according to the 



engine rotation condition of a real car or a simulation car A storage means by 
which the engine sound data of the real car recorded beforehand are memorized 
about two or more engine rotation conditions, A detection means to detect the 
engine speed and engine torque of a real car or a simulation car, The read-out 
means which reads the engine sound data recorded by the engine speed near 
the engine speed detected by this detection means from a storage means, A 
read-out rate modification means to change the engine sound data read-out rate 
by the read-out means according to the difference of the engine speed of the 
engine sound data read by this read-out means, and the engine speed detected 
by the detection means, A processing means to process the engine sound data 
read by the read-out means according to the engine torque detected by the 
detection means, and to output as a sound signal, A magnification means to 
amplify the sound signal outputted from this processing means, and the 
amplification factor control means which controls the amplification factor of a 
magnification means based on the engine speed detected by the detection 
means, A playback means to reproduce the sound signal outputted from the 
magnification means as an engine simulation sound is established. 
[0008] 

[work --] for In the storage means, the engine sound data of the real car recorded 
beforehand are prepared. And according to an engine speed, two or more sets of 
this engine sound data are prepared. A read-out means chooses the data near 
the engine speed which is going to generate a simulation sound, and reads this. 
At this time, the engine sound data of the frequency corresponding to a desired 
engine speed are obtained by adjusting a read-out rate. The read engine sound 
data are outputted as a sound signal, after processing according to an engine 
torque is performed. The description of this invention is that it gave the playback 
means, after amplifying this sound signal with a magnification means. The 
amplification factor of a magnification means is determined according to the 
engine speed which is going to generate a simulation sound. Since the 
magnification means was established, it becomes unnecessary thus, to give the 



information on sound volume beforehand to the engine sound data prepared in a 
storage means. Therefore, each of engine sound data reproduced to a loud 
sound and engine sound data reproduced to a small sound can be made to 
memorize by the full range. In this way, an always faithful engine simulation 
sound can be generated now irrespective of the size of sound volume. 
[0009] 

[Example] Hereafter, it explains based on the example illustrating this invention. 
[0010] 1. The 1st example drawing 1 is the block diagram showing the basic 
configuration of the engine simulation sound generator concerning the 1st 
example of this invention. This example applies this invention to a real car, 
generates an engine simulation sound based on the engine pulse signal obtained 
from the engine 1 of a real car, and the accelerator opening signal acquired from 
an accelerator 2, and carries out singing of this from a loudspeaker 3. That is, 
after the engine pulse signal obtained from an engine 1 is given to FV/ AD 
converter 4 and the frequency F of a signal is changed into an electrical potential 
difference V, this electrical potential difference V is changed into digital value 
RPM which shows an engine speed. On the other hand, the accelerator opening 
signal acquired from an accelerator 2 is given to AD converter 5, and is changed 
into the digital value which shows accelerator opening. Each component 
described below performs processing which generates the engine simulation 
sound corresponding to this based on the engine speed and accelerator opening 
which were digitized in this way. 

[001 1] In addition, it not only applies this invention to such a real car, but it is 
applicable to a simulator, the simulation car for display, etc. In that case, what is 
necessary is to generate the digital data corresponding to a direct engine speed 
and accelerator opening instead of an engine 1 or an accelerator 2 from the 
computer for simulation, and just to use this for it as it is. In this case, FV / AD 
converter 4, and AD converter 5 become unnecessary. Although some examples 
of explanation applied to the real car will be described for convenience on these 
specifications, these examples can be diverted to a simulator, the simulation car 



for display, etc. 

[001 2] The configuration of the principal part of this engine simulation sound 
generator is as follows. First, engine-speed RPM changed by FV / AD converter 
4 is given to the loop-formation address control 10 and the clock control 1 1. 
These perform processing which reads the data point memorized by ROM21 . 
The data point read from ROM21 is incorporated by the latch circuit 22, and is 
changed into a sound signal by DA converter 23. By passing along a low-pass 
filter 24, a high frequency component is cut, and an equalizer 25 equalizes this 
sound signal, it is amplified with amplifier 26, and is given to a loudspeaker 3. 
The gain of an equalizer 25 is determined by the equalizer gain control 31 , and 
the gain of amplifier 26 is determined by the amplifier gain control 32. The 
equalizer gain control 31 makes the gain decision of an equalizer 25 by engine- 
speed RPM given from FV / AD converter 4, and the accelerator opening given 
from AD converter 5. Moreover, the amplifier gain control 32 makes the gain 
decision of amplifier 26 with reference to the volume data memory 33 based on 
engine-speed RPM given from FV / AD converter 4. 
[001 3] In the above, although the basic component of this equipment was 
explained, actuation of this equipment is explained continuously. First, the data 
point memorized by ROM21 is explained. This data point is data of the engine 
sound about two or more engine speeds. Here, explanation is continued as that 
the data point about the engine-speed central value of 5 passage of 1000RPM, 
2000RPM, 3000RPM, 4000RPM, and 5000RPM is remembered to be (it is 
desirable to memorize more data points about actual more much central value). 
Each data point is data of the engine sound recorded when actually rotating the 
engine 1 of a real car. For example, the data point about 1000RPM is a data 
point of the engine sound obtained when rotating an engine 1 by 1000RPM. Any 
data point is recorded by the predetermined sampling time. In addition, since 
each data point is given to a loudspeaker 3 after it is amplified with amplifier 26 
so that it may mention later, the data point in this ROM21 does not need to take 
sound volume into consideration. If another word is carried out, any data point is 



recordable by the full range (for example, resolution of 8 bits). 
[0014] Now, actuation when the engine 1 is rotating by 1260RPM will be 
explained. In this case, finally the simulation sound of the engine which is rotating 
by 1260RPM must be shown from a loudspeaker 3. Although FV/ AD converter 
4 outputs the data in which these 1260RPM is shown as an engine speed, it is 
made to output that lower bit for that high order bit to the clock control 1 1 to the 
loop-formation address control 10. more -- concrete -- rough 1000RPM among 
1260RPM -- information -- the loop-formation address control 10 - giving -- fine 
remaining 260RPM -- information is given to the clock control 1 1. The loop- 
formation address control 10 reads the data point about 1000RPM among five 
data points memorized by ROM21 based on this rough information. The read-out 
rate at this time is controlled by the clock control 1 1 . namely, 260RPM with the 
fine clock control 1 1 -- according to information, it controls to read at a rate [ a 
little ] quicker than 1000RPM. If another word is carried out, the data point read 
from ROM21 will control a read-out rate to become a frequency corresponding to 
1 260RPM exactly. When the engine speed which FV / AD converter 4 outputs is 
for example, 1750RPM, although the data point chosen from the inside of 
ROM21 is similarly a data point about 1000RPM, since the read-out rate in this 
case becomes still quicker, the data point read from ROM21 serves as a 
frequency corresponding to 1750RPM exactly. 

[0015] In this way, after the read data point is latched by the latch circuit 22, it is 
changed into an analog signal by DA converter 23, and is outputted as a sound 
signal. By passing a low-pass filter 24, the high frequency component used as a 
noise is removed, and an equalizer 25 equalizes this sound signal. Performing 
equalizing processing here is based on the following reasons. That is, generally, 
the engine sound has the property in which the gain of a low-frequency 
component becomes large, if it changes also with engine torques and torque 
becomes large. Then, an equalizer 25 performs processing which increases low- 
frequency component gain according to the magnitude of an engine torque. The 
magnitude of an engine torque is given by the equalizer gain control 31 . As 



mentioned above, the information on accelerator opening is given to the 
equalizer gain control 31 from AD converter 5, and the information on engine- 
speed RPM is given to it from FV / AD converter 4. The equalizer gain control 31 
asks for the magnitude of an engine torque from such information, and gives this 
to an equalizer 25. 

[0016] The sound signal which it equalized is amplified with amplifier 26, and is 
outputted to a loudspeaker 3. The amplifier gain control 32 determines the gain 
of amplifier 26 as follows. First, engine-speed RPM is inputted from FV / AD 
converter 4, and the volume data memory 33 is searched by this engine-speed 
RPM. In the volume data memory 33, the table showing the engine sound- 
volume value corresponding to engine-speed RPM is memorized. This table can 
actually be obtained by investigating the relation between a rotational frequency 
and a sound-volume value using an engine 1 . In this way, if the sound-volume 
value corresponding to engine-speed RPM is searched, the amplification factor 
according to this sound-volume value will be determined, and this will be given to 
amplifier 26. In this way, the sound signal outputted from amplifier 26 will be 
adjusted to a thing with the sound volume which suited engine-speed RPM. 
Since the volume control function with this amplifier 26 was prepared as 
mentioned above, the data point prepared in ROM21 can always be prepared as 
data of a full range, without taking sound volume into consideration, and can 
have the same resolving power (for example, 8 bits) for any data point. 
[001 7] 2. The 2nd example drawing 2 is the block diagram showing the basic 
configuration of the engine simulation sound generator concerning the 2nd 
example of this invention. This equipment adds the output judging section 40 to 
the equipment of the 1 st example shown in drawing 1 further. Before explaining 
the function of this output judging section 40, the trouble of the equipment of the 
1st example shown in drawing 1 is described. As mentioned above, in ROM21, 
two or more sets of predetermined data points only for a sampling time are 
prepared. The loop-formation address control 10 will read the following data point, 
if read-out of the predetermined data point only for a sampling time is completed. 



In this way, the loop-formation address control 10 does the read-out activity of a 
data point continuously. This situation is shown in the graph of drawing 3 . this 
example — a wave -- 1 and a wave -- 2 and a wave -- it is reading in order of 3. 
however, the time t -- at 1 and the time, when switching the read-out activity of a 
data point in t2, a phase shift may arise in a wave and discontinuity may arise. If 
such discontinuity arises, sense of incongruity generates and is not desirable in a 
playback sound. 

[0018] The output judging section 40 has the function which cancels such wave- 
like discontinuity. That is, the output judging section 40 supervises the value of 
the data point read from ROM21 , carries out counting of the count which passed 
through the zero point (level which takes the lead in the amplitude), and only 
when this count is the count eye of predetermined, for example, the eventh time, 
it controls the loop-formation address control 10 to perform the switch to the 
read-out activity of the following data point. When drawing 4 passes through a 
zero point 8 times, it is a graph which shows the result of having performed 
control which performs the switch to the read-out activity of the following data 
point. ** shown in drawing in a round-head figure - ** show the time of a data 
point passing through a zero point, the time of passing through a zero point 8 
times -- 13 -- setting -- the following wave -- if the read-out activity of 2 is started, 
wave-like discontinuity will not arise (however, it is made for all waves to start in 
this direction from a zero point) the same - a wave -- the time of the read-out 
activity about 2 passing through a zero point 8 times -- 14 -- setting -- the 
following wave -- it is switched to the read-out activity of 3. 
[0019] As mentioned above, generating of a continuation sound without sense of 
incongruity is attained only by adding the output judging section 40. 
[0020] 3. The 3rd example drawing 5 is the block diagram used as the 
description of the engine simulation sound generator concerning the 3rd example 
of this invention showing the newly added component. This example shows the 
mode which uses the engine simulation sound generator by this invention for a 
completely different application. That is, in this example, the engine simulation 



sound generator by this invention is used as a beep sound generator. Generally, 
it is necessary to perform various warnings to an operator during transit of a car. 
For example, lighting of a warning lamp has usually reported warning matters, 
such as "gasoline empty", "overheat", and a "half-door", to the operator. Then, it 
is convenient if the car carrying the engine simulation sound generator by this 
invention can report these warning matters using a loudspeaker 3. This 3rd 
example realizes information of such a warning matter. 
[0021] The configuration of this 3rd example is as follows. In drawing 5 , an 
engine 1 and an accelerator 2 are the same components as the engine 1 and 
accelerator 2 which are shown in drawing 1 or drawing 2 . In this example, the 
alarm signal selection section 50, a pulse generator 51 , and relays 52 and 53 are 
further added to the example shown in drawing 1 or drawing 2 . Relays 52 and 
53 are inserted on the path of the accelerator opening signal given from the path 
and accelerator 2 of an engine pulse signal which are given from an engine 1 , 
respectively. Therefore, Rhine of the engine pulse shown in the method of the 
right of drawing 5 is connected to FV / AD converter 4, and Rhine of accelerator 
opening is connected to AD converter 5. The engine pulse signal from an engine 
1 is inputted into terminal ** of relay 52, and the accelerator opening signal from 
an accelerator 2 is inputted into terminal ** of relay 53. On the other hand, the 
pulse signal from a pulse generator 51 is inputted into terminal [ of relay 52 ] **, 
and the power source from the source 54 of a constant voltage is supplied to 
terminal [ of relay 53 ] **. Some alarm signal lines are connected to the alarm 
signal selection section 50. In this example, three alarm signal lines are 
connected and three alarm signals, "gasoline empty", "overheat", and a "half- 
door", can be inputted through this alarm signal line. The alarm signal selection 
section 50 controls the frequency of the pulse which a pulse generator 51 
generates according to an alarm signal with an input. 

[0022] Then, I will explain actuation of this example. First, actuation of the alarm 
signal selection section 50 is explained. The table showing the engine speed 
defined corresponding to each alarm signal is prepared for the interior of the 



alarm signal selection section 50. Here, the following tables shall be defined. 
[0023] 

(Alarm signal) (engine-speed RPM) 

Gasoline empty 10RPM Overheat 20RPM Half-door 40 RPM, there is especially 
no semantics in numerical itself of defined engine-speed RPM, and what kind of 
numeric value may be defined as it here. However, the numeric value which 
cannot exist is defined at the time of usual transit of an actual car. For example, 
when the engine speed at the time of transit takes the range of 600RPM - 
7000RPM, it is usually necessary to make into the numeric value of the numeric 
value of 600 or less RPM, or 7000 RPM or more the rotational frequency defined 
here. The alarm signal selection section 50 gives the engine-speed RPM value 
defined corresponding to that alarm signal to a pulse generator 51 as indicated 
value based on this table, when there is an input of a specific alarm signal, for 
example, -- supposing the alarm signal which shows "gasoline empty" from a fuel 
sensor is outputted and this alarm signal is given to the alarm signal selection 
section 50 through a signal line -- the alarm signal selection section 50 -- the 
above-mentioned table -- being based -- 10RPM -- indicated value is given to a 
pulse generator 51 . A pulse generator 51 receives these directions, generates 
the pulse of the frequency of 10RPM, and supplies this to terminal ** of relay 52. 
[0024] Now, the normal condition that the alarm signal is not emitted at all is 
considered. In this case, the alarm signal selection section 50 directs to perform 
a switch which outputs the signal of input terminal ** as it is to relays 52 and 53. 
Therefore, relay 52 outputs the engine pulse signal from an engine 1 as it is, and 
relay 53 outputs the accelerator opening signal from an accelerator 2 as it is. 
Therefore, actuation of this equipment becomes completely the same as 
actuation of the equipment of the 1 st example mentioned above or the 2nd 
example, however -- if the alarm signal which shows "gasoline empty" is emitted 
-- the alarm signal selection section 50 -- a pulse generator 51 -- receiving — 
10RPM -- while giving indicated value, it directs to perform a switch which 
outputs the signal of input terminal ** to relays 52 and 53. Therefore, relay 52 will 



output the pulse of the frequency of 1 0RPM supplied from a pulse generator 51 , 
and relay 53 will output the constant voltage supplied from the source 54 of a 
constant voltage. Here, in ROM21 , as a data point corresponding to 10RPM, if 
the voice data corresponding to the language "gasoline empty" Becoming is 
prepared, from a loudspeaker 3, the language "gasoline empty" Becoming will be 
outputted instead of an engine simulation sound. If the electrical-potential- 
difference value as an accelerator opening signal is set as the suitable value at 
this time, the equalizing function by the equalizer 25 can be kept constant. When 
similarly preparing the voice data corresponding to the language "overheat" 
Becoming as a data point corresponding to 20RPM in ROM21 , preparing the 
voice data corresponding to the language "half-door" Becoming as a data point 
corresponding to 40RPM and each alarm signal is emitted, warning by the 
language corresponding to this will be outputted from a loudspeaker 3. Moreover, 
if the data of a warning audible tone in which red zone inrush is shown are 
prepared as a data point corresponding to 8000RPM in ROM21 for example, 
when an engine 1 is set to 8000RPM, a warning audible tone will be 
automatically outputted from a loudspeaker 3. 

[0025] Thus, in the engine simulation sound generator by this invention, since the 
device to which singing of the loudspeaker 3 is carried out based on the data 
point in ROM21 is taken, an engine simulation sound and the sound of arbitration 
can be made to output from a loudspeaker 3, and various application can be 
performed. 
[0026] 

[Effect of the Invention] According to this invention, two or more sets of engine 
sound data of the real car beforehand recorded in the storage means are 
prepared as above. Since it was made to reproduce after having read the data 
corresponding to an engine speed, outputting as a sound signal and amplifying 
with the amplification factor according to an engine speed, Each of engine sound 
data reproduced to a loud sound and engine sound data reproduced to a small 



sound can be made to memorize by the full range now, and can generate now an 
always faithful engine simulation sound irrespective of the size of sound volume, 
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pf fef Description of the Drawings] 

[Drawing 1] It is the block diagram showing the basic configuraiion of the engine 
simulation sound generator concerning the 1st example of this invention. 
[Drawing 2] It is the block diagram showing the basic configuration of the engine 
simu lation sound generator Goncerning the 2nd example of this invention . 
[Drawing 3] it is the graph which shows the voice wave cohtinuously outputted in 
the equipment shown in drawing 1 5 

[Drawing 4] It is the graph whteh shows the^ in 
the equipment shown in drawing 2 , 

[Drawing S] I n the engine si mulation sound generator concerning the 3rd 
exa mple of this i ndention, i t is the block diagram showing the newly added 
component 
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[Drawing 2] 
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